Summary. Four outbreak strains of Vibrio cholerae 0139 from endemic areas of India and Bangladesh were found to carry lysogenic phage(s). All of these phage(s) produced turbid plaques characteristic of lysogeny on V. cholerae MAK 757 (El Tor, Ogawa) cells as well as on their VcA-1 lysogens but were unable to infect V. cholerae 154 (classical) cells, the universal host for all classical phages. Colonies in the turbid plaques were 0139 lysogens and these developed an auxotrophic requirement, mainly for purines suggesting the integration of the prophage into the host chromosome. The immunity profile of the 0139 phage(s) was similar to that of phage a but differed in the sensitivity of the phage lysogen of V. cholerae MAK 757 to subsequent infection by phage p.
Introduction
Vibrio cholerae serogroup 0 1, the causative agent of cholera, has been responsible for seven major pandemics since 1814.l In contrast, V. cholerae serogroup non-0 1 strains are associated only with sporadic cases of gastro-enteritis and extra-intestinal infection but lack endemic potential.2 However, since October, 1992, a typical cholera-like epidemic has broken out in India and Bangladesh and swiftly assumed endemic proportions, involving thousands of people with significant m~rtality.~ The causative agent was identified as a V. cholerae strain which was serologically different from hitherto known serogroups. The outbreak strains isolated from various endemic areas of India and Bangladesh were serologically identical and were assigned a new serogroup called 0 139 with a synonym "Bengal".4 All 0139 strains isolated so far produce cholera toxin (CT), hybridise with a CT gene probe5 and at least four of the strains examined carry an unusual number of tandem repetitions of the toxin gene on their chromosomes. 6 The swift spread of this 0 1 39 serogroup coupled with its propensity to displace the existing pandemic serogroup 0 1 El Tor strains, appears to mark the beginning of a new pandemic. The genesis of this novel strain of V. cholerae has evoked global interest and concern. Whether these new strains are mutants of serogroup 0 1 or have originated from non-0 1 strains which have acquired copies of the toxin gene, is a matter of debate. Bacteriophages, because of their strict host specificity, can be a very useful tool for examining this question. In this study, 0139 strains were examined for lysogenic bacteriophage(s).
Materials and methods

Bacteria and bacteriophages
Fourteen V. cholerae 0139 strains from endemic areas of India and Bangladesh were examined; they comprised two each from Madras (strains MO 
Prophage induct ion
Mitomycin C. V. cholerae 0 1 39 strains containing phage were grown as described above at 37°C to an absorbance at 540nm (A,,,,) of 0.2. The cells were collected by centrifugation, washed with saline 0.9 YO to remove free phage and then suspended in saline. The suspension was divided into aliquots to which mitomycin C was added at increasing concentrations up to 2.5 mg/L. After incubation for 10 min at 37"C, the mitomycin C was removed by centrifugation; the cells were washed with saline suspended in nutrient broth and incubated at 37°C. Samples were withdrawn at various intervals, treated with drops of chloroform and centrifuged. Supernates were assayed for phage after appropriate dilution.
Ultraviolet radiation. V. cholerae 0 139 strains containing phage were grown up to A,,, of 0.2 as above and collected by centrifugation. The cells were suspended in saline (2 x lo8 cells/ml) and distributed in small volumes on petri dishes to form a thin layer. Each sample was irradiated for 2 min with a 15W Philips germicidal lamp, specifically emitting radiation of 254 nm wavelength, held 50 cm above the plate. The samples were collected, transferred to nutrient broth and incubated at 37°C for 6 h. The cells were assayed for phage. Un-irradiated cells were used as controls.
Test for auxotrophy
Lysogens of V. cholerae MAK 757 with 0 139 phage were grown on nutrient agar plates to give single colonies. These were then replicated on to 12 minimal agar plates supplemented with 12 different combinations of nutrients (amino acids, vitamins, purines, pyrimidines).s Plates were incubated overnight at 37°C and auxotrophy was determined by comparing the relative growth pattern on plates containing different nutrient pools.
Serotyping
Lysogens of V. cholerae MAK 757 with 0 139 phage were serotyped by the slide agglutination procedure described by Siddiqui and Bhattacharyag with appropriate dilutions of 0 1 and 0139 antisera (kindly provided by Dr G. B. Nair). Colonies showing immediate agglutination were read as positive.
Isolation of phage(s) from 0139 strains
Strains were grown in nutrient broth overnight at 37°C with shaking. Free phages liberated by these strains were collected by removing the cells by centrifugation at 10000 g for 10 min. The preparation was then treated with chloroform to kill any contaminating bacteria.
Results
Liberation of phage by 0139 strains V. cholerae 0139 strains isolated from various endemic areas were grown overnight and the culture supernates were collected for identification of the phage. To confirm that these preparations did not contain any cells, the supernates were streaked on nutrient agar plates and incubated overnight at 37°C. All the preparations were free of viable bacteria. In the soft agar overlay assay with V. cholerae El Tor MAK 757 and classical 154, supernates of 0 1 39 strains from Calcutta (SG 25), Bangladesh (BO 2), Amravati (PO 7) and Madurai (MDO 25) produced turbid plaques characteristic of lysogenic phage of V. cholerae MAK 757 (figure). To confirm that the colonies inside the plaques were true lysogens, growth was picked from the centre of the plaques and streaked for single colonies, which were then subcultured 10 times and streaked for single colony isolation each time to remove any contaminating phages. The final subcultures were then treated to liberate free phages and examined for susceptibility to 0139 phages. All the colonies examined liberated free phage and were immune to further infection by the same phage preparation (table I) .
Host range of the O139phage
In soft-agar overlay assays with V. cholerae indicator strain of various bio-and serotypes, all of the 0 139 phage preparations produced turbid plaques on V. cholerae El Tor MAK 757 but were unable to infect V. cholerae classical 154, various environmental V. cholerae non-01 CT-strains or the V. cholerae 0139 strains (table 11) . 
Immunity pattern of the 0139 phage
A uxo trophy
Because integration of the prophage in the chromosome is likely to inactivate genes and thereby induce auxotrophy at the site of integration, the original host strains and the putative lysogens were plated on minimal agar plates supplemented with amino acids, nitrogenous bases (purines and pyrimidines) or vitamins. Of the four V. cholerae 0 139 strains carrying the phase, only strain BO 2 required purines for their growth on minimal media; all the other 0139 strains were prototrophs. However, c. 75 YO of the V. cholerae MAK 757 lysogens had acquired a requirement for purines (table 111) .
Serotyping of I? choZerae MAK 757 lysogens
To determine whether lysogenisation by 0 1 39 phage plays any role in serotype conversion to generate the endemic 0139 strain, a large number of V. cholerae 
Discussion
The emergence of V. cholerae 0139 as a new strain causing endemic cholera and replacing the existing biotype has received global attention. The strain has been characterised serologically and is being examined at biochemical and molecular levels. Recently we presented evidence that the strain emerged from serogroup 0 1 strains and possible progenitor strains have been identified. 13 The present report describes the detection of phage(s) in some 0139 strains. The slow release of phage in broth culture, even after repeated subculture followed by single colony isolation, the immunity of the parent strain to further infection by the same phage, the formation of turbid plaques on V. cholerae MAK 757 and induction of auxotrophy in this host indicate that this is a temperate phage. However, treatment with UV irradiation or mitomycin C failed to induce lysis in any of the 0139 strains or in the V. cholerae MAK 757 lysogens. A similar property has also been reported for other temperate phages of V. cholerae, namely phages CP-T114 and PS166 (S. N. Mitra and R. K. Ghosh, unpublished observation). The 0139 phage could infect V. cholerae MAK 757 (El Tor, Ogawa), the universal host for all El Tor phage^,^ but not V. cholerae 154 (classical, Ogawa), the universal host for all classical phage^.^ As bacteriophages usually maintain strict host specificity, the results were indicative that 0139 strains are more closely related to the El Tor than to the classical strains of V. cholerae. This observation further strengthens and extends our conjecture that 0139 strains arose from the progenitor strains which themselves evolved from the V. cholerae 0 1 El Tor strains by mutation. 13 All the V. cholerae 0139 strains examined were immune to infection by the four 0139 phages. If the parent strains are considered to be permanent lysogens, the others may be lysogens which have lost the prophage but retained the immunity phenotype. A similar observation has been reported for phage CP-T1,14 the best studied temperature phage of V. cholerae. The immunity profile of the 0139 phage resembled that of phage a. Unlike phage a lysogens, the 0 139 phage lysogens of V. cholerae MAK 757 were resistant to phage p infection. Thus the new phage may form an immunity class of its own.
Infection of V. cholerae MAK 757 with 0 139 phage produced turbid plaques characteristic of lysogens. Single colony isolates of these lysogens liberated free phage even after 10 broth subcultures with single colony isolation at each stage. The auxotrophic profiles of these putative lysogens showed that c. 75% had acquired a requirement for purines. This strongly suggested the integration of the prophage on the host chromosome and confirmed the lysogeny. However, direct confirmation by hybridisation of chromosomal DNA from lysogens with phage DNA has not yet been done. The yield of phage was very low and, despite repeated efforts, the lysogens could not be induced to lyse to produce high-titre phage stock necessary for its
